










­T\bª¡<xG,      

ht| 
Mechanistic study involved in shape evolution of platinum 






%2 0 1 6  5  
%$&'2 0 1 6  5  
2 0 1 6     
ʾͧĮô\4š
̷ΚI





































































 Mechanistic study involved in shape evolution of platinum 
nanoparticles with high-index facets  

 
A Dissertation Submitted to the Graduate School of Xiamen 
University for the Degree of 





This work was carried out under the supervision of 
Associate Prof. Na Tian 
Prof. Shi-Gang Sun 
 
At 








































































































































































































ÐΖĠĵʢĖ̴ǖ                                                                       ǋ̥ 
 I 










    Ǹ̴ǖƞ´ĉ΅ʃ.Ȩʈ½ĵǛɁʈdȾƩʼ#Ȩ­Ěʎ Pt @Àÿΰ±
͠Ü3 Pt ơ̫ěÿǛȐ2Pt ʸǛ±TÕ Pt {Ǜ$ΰ±Ɔ¬ʎ4̥˞ȊĩC 
    1. ΅ʃʈ½ĵǛɁʈdȾ­Ě Pt @Àÿΰ±ɦëĈ Pt Γɐ1ńʼ#Ȩ­
Ěʎ Pt @Àÿΰ±Ͱ̜ǛɁʈdęɺōƆ¬ Pt ơ̫ěÿǛȐ3ͷͫ TEM ̠
ƁʥĻ Pt @Àÿΰ±ʎǪΰƹǔǧ{730} Pt ơ̫ěÿǛȐʎǪΰƹǔǧ






    2. ΅ʃʈ½ĵǛɁʈdȾ­Ě Pt @Àÿΰ±ɦëĈ H2SO4 ɘɐ1ǛɁʈ
dęɺōƆ¬ơ̫ʸǛ±ʎǪ±ž͊3ńAͯʭOΌ@Àÿΰ±¬ΌʍŠơ̫ʎ
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$ΰ±ʕŭʎ̠ΰÏĲ΁dǔO 9282¬ 7 Ü½Ìì̠ΰÏĲ΁dǔͶɕ
ÜŉʎǪ±žɰ͠Ü3 
    3. ΅ʃʈ½ĵǛɁʈdȾπ­Ě Pt @Àÿΰ±Ĉ Pt ʎΓɐ1Ͱ̜Ǜ
Ɂʈdęɺęɺʈdȫ­Ě Pt ơ̫ěÿǛȐʎ̥υōƆ¬ Pt {Ǜ$ΰ±
(TPH)3ͷͫ TEM ̠ƁƆ¬ Pt TPH ʎǪΰƹǔǧ{14 5 5}3ͷͫ SEM ćƟV
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Abstract 
Shape-controlled synthesis of noble-metal nanocrystals has received increasing 
attention because of their attractive and tunable properties that are beneficial to many 
applications in catalysis, electronics, photonics, sensing, and biomedical research. To 
date, the synthesis of NCs with different morphology has developed fast in both 
chemical method or electrochemical method, but many issues remain unresolved. There 
is still lack of a mechanistic understanding and quantitative control. It is still not clear 
that the reason why NCs with different atomic coordination numbers can convert into 
one another which is of great significance to crystal growth. We can easily prepare NCs 
with different morphologies through tuning EL and EU with the method of 
Electrochemical square-wave potential (SWP) method, besides that method possess the 
advantage of extreme pure system without adding any protective agent eliminating the 
influence of other factors. So SWP is a more effective way to observe and explore the 
mechanism of crystal growth.  
In this paper, we have successfully applied two-step SWP to convert the Pt 
Tetrahexahedron (THH) to Pt Truncated Ditetragonal Prism (TDP), Pt truncated cube 
and Pt Trapezohedron (TPH). The main results obtained are as follows: 
    1We first apply the SWP to prepare Pt THH NCs , then put them in platinum 
solution to be manipulated through SWP again and we obtain Pt TDP. THH NCs are 
enclosed by {730} high index and TDP NCs are enclosed by {310} high index featured 
by TEM measure. We observed the symmetry reduction of Pt NCs from THH to TDP, 
both bounded by {hk0} high-index facets but with Oh and D2h symmetry, respectively. 
Through analysis of the surface energy contributed by vertices, edges and facets, we 
proposed a thermodynamic mechanism for the symmetry reduction of Pt NCs driven 
by lowering the total surface energy. Low-symmetric shape preferentially forms at the 
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    2We first apply the SWP to prepare Pt THH NCs , then put them in H2SO4 
solution to be manipulated through SWP again and we obtain Pt truncated cube. The 
shape evolution from THH with coordination numbers (CNs) of 6 to Pt truncated cube 
with CNs of between 8 and 9 is mainly due to the low-coordinated atoms preferentially 
are dissolved in H2SO4 and then gradually transformed into NCs with high-coordinating 
atoms. So, the lower the concentration of Pt precursor is, the NCs we obtained with 
higher CNs. In contrast, when we increase the concentration of Pt precursor, we obtain 
the shape evolution from the truncated cube, cube, finally to TPH with the CNs decrease 
from 9,8 to 7. 
    3We first apply the SWP to prepare Pt THH NCs , then put them in platinum 
solution to be manipulated through SWP again with higher potential than that of 
preparing Pt TDP and we obtain Pt TPH. TPH NCs are enclosed by {1455} high index 
featured by TEM measure. We observe the shape evolution from THH in {hk0} to TPH 
in {hkk}. Firstly, A new edge appears at the pyramid of THH, then the four sides start 
to become less symmetrically. Then the shape convert into TDP in D2h point group. 
Afterwards, two strip of {hkk} appear at the upper and lower edges of the crystal plane 
and finally the shape transformed into TPH enclosed by 24 {hkk}. 
    In this paper, we have successfully transformed tetrahexahedron (THH) to 
truncated ditetragonal prisms (TDP), both bounded by {hk0} high-index facets, but 
with Oh and D2h symmetry, respectively. Through comprehensive analysis of total 
surface energy contributed by the facets, edges and vertices, we proposed that the 
observed symmetry reduction is driven by lowering the total surface energy. Besides, 
we have successfully transformed Pt THH with low-coordinated atoms into Pt truncated 
cube with high-coordinated atoms and obtain the nanocrystal growth habits that when 
we increase the concentration of Pt precursor the shape evolution with CNs decreased 
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and provides a new insight into shape transformation of nanocrystals with the same 
facets. 
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